INTRODUCTION
Typically, the first eggs laid by broiler breeder pullets may be smaller than the minimum size set by commercial hatcheries. It has been shown that early egg size can be influenced by the nutritional status (Waldroup and Hellwig, 1995) , BW (Summers and Leeson, 1983) , age at photostimulation (Robinson et al., 1996) , and genotype (Shanawany et al., 1993b) of the hen, but photoschedule may have an effect as well (Etches, 1996) .
An ahemeral photoschedule is one in which the photophase and scotophase do not add up to 24 h. That is, the cumulative day length, light-plus-dark cycle, is not 1 To whom correspondence should be addressed: frobinson@afns. ualberta.ca.
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eggs; 28 h = 23.1 eggs). The 24-h hens laid more doubleyolked eggs (0.9% of total egg production) than did the 28-h birds (0.3%). Egg formation time was consistently longer for the 28-h hens (26.8 h at 25 wk of age and 25.8 h at 29 wk of age) compared with the 24-h hens (25.4 h at 25 wk of age and 24.8 h at 29 wk of age). Mean egg weight was higher for the 28-h birds (55.1 g) compared with the 24-h birds (53.0 g). Egg specific gravity was higher in eggs from the 28-h hens than eggs from the 24-h hens. Some of the increase in egg weight between the 28-and 24-h birds was due to shell weight. Absolute and proportional weights of the egg shell were 5.5 g and 10.0% of the total egg weight for the 28-h birds and 4.9 g and 9.3% for the 24-h birds, respectively. The 28-h hens had higher proportional breast muscle weight, smaller livers and oviducts, and lower ovary weight compared with the 24-h birds. The data indicated that, although egg size can be increased with the use of long ahemeral days early in lay, this result may be at the expense of egg numbers. Early in lay, follicular maturation rates are fast, and egg production may be limited to one ovulation per 28 h. that of a natural or hemeral day. Short ahemeral days (<24 h) have mainly been used in selection programs for identification of individual hens with follicular maturation rates of less than 24 h (Morris, 1973) . Long ahemeral days (>24 h) have been used to match follicular maturation rate with day length to result in oviposition of an egg each day (Shanawany, 1990) . Long ahemeral photoschedules introduce a potential limitation in that there are fewer days per week than a regular week with 7 24-h d, which would reduce the maximum rate of lay to less than seven eggs per week. This procedure may hold back some hens with fast follicular maturation rates, but would benefit those with longer rates of follicular maturation.
A positive result of long ahemeral days early in lay is increased egg size. Egg size is thought to be increased Abbreviation Key: D = hours of dark; HBW = high body weight; L = hours of light; LBW = low body weight.
due to additional hours of yolk deposition in ahemeral days compared with hemeral days (Shanawany, 1990) . Proudfoot (1980) investigated the effect of a long-day ahemeral lighting treatment, 14 h of light followed by 13 h of dark per day (14L:13D), on broiler breeders from 24 to 64 wk of age. It was reported that birds exposed to a long-day ahemeral lighting scheme laid eggs with heavier initial weight (0.5 g) than eggs from hens on a hemeral day (14L:10D). Shell quality, as measured by specific gravity, showed an improvement, with the eggs from hens on a long-day ahemeral lighting scheme having higher specific gravity than eggs from hens on a hemeral day. This effect of increased shell quality of eggs laid by hens on a longday ahemeral lighting scheme has also been shown by Shanawany et al. (1993a) and Lewis et al. (1994) . Longday ahemeral lighting increases shell thickness by extending egg formation time, presumably because the eggs spend more time in the shell gland. Results regarding hen housed egg production have been inconsistent. Proudfoot (1980) reported that total hen housed egg production was consistently higher for birds on a hemeral day compared with birds that were on a 14L:13D ahemeral day; however, Foster (1968) stated that egg production increased significantly with increasing light:dark cycle length. This inconsistency in results regarding long ahemeral days, and egg production is likely due to the difference in genotypes used, ahemeral program, and bird age. Shanawany (1990) reviewed the influence of long-day ahemeral lighting schemes on the quality of eggs, and reported that shell weight and yolk weight depend on a curvilinear function of light:dark cycle length. For long-day ahemeral lighting schemes, yolk and albumen weight increased linearly with light:dark cycle length up to 29 h, following which, weight decreased.
The objective of this experiment was to determine whether egg size and egg production could be increased in young broiler breeders through the use of long ahemeral days from 22 to 30 wk of age and to determine whether this possible egg weight increase is due to an increase in yolk weight, albumen weight, or shell weight. The effect of this photoschedule on ovarian and carcass morphology was also investigated at 30 wk of age. It was also determined whether these results occurred to the same extent in slightly high-and low-BW birds.
MATERIALS AND METHODS

Two-hundred Shaver Starbro
2 broiler breeder pullets were acquired as day-old chicks. Prior to arrival, the pullets were vaccinated for Marek's disease, and on arrival, were wing banded. Birds were reared in floor pens, with 50 pullets per pen, in a light-tight facility with straw litter. Feed and water for the first 3 wk were provided ad libitum. From 3 to 21 wk of age, the pullets were feedrestricted to maintain BW at the targets recommended 2 Shaver Poultry Breeding Farms, Ltd., Box 400, Cambridge, ON, Canada N1R 5V9. by Shaver Poultry Breeding Farms, Ltd. During the period of 3 to 21 wk of age, feed was allocated on a 5/2 feeding program (provided access to feed 5 d/wk and restricted from feed 2 d/wk) until 20 wk of age. All diets were wheat-based, fed in mash form, and formulated to meet or exceed NRC (1994) requirements (Table 1 ). The photoschedule during rearing was as follows: 24L:0D for the first 3 d, followed by 8L:16D from 3 d to 22 wk of age. At 20 wk of age, all pullets were weighed, and 64 pullets of appropriate BW were selected and assigned to one of two groups: those that had a slightly high BW (HBW) (2,134 ± 8.4 g) and those that had a slightly low BW (LBW; 1,677 ± 8.2 g), compared with the target BW (1,900 g). Thirty-two pullets from each group were assigned to individually illuminated laying cages at 21 wk of age. At 22 wk of age, the birds were exposed to one of two photoschedules. Thirty-two birds, 16 HBW and 16 LBW, were exposed to a typical hemeral day, 14L:10D (24 h), and the remaining 32 birds, 16 HBW and 16 LBW, were exposed to a long ahemeral day, 14L:14D (28 h). The total feed allocation (on a weekly basis) from 22 wk of age until 30 wk of age was the same for each photoschedule group (Table 2 ). The 24-h birds received one seventh of the weekly feed allotment each day, and the 28-h birds received one sixth of the weekly feed allotment each light:dark cycle. Each bird was weighed at 7-hemeral-d intervals, and feed was restricted to maintain BW at the targets recommended by the breeder.
The production of normal and defective (without an intact shell) eggs was recorded daily (7 times per wk for the hemeral hens and 6 times per wk for the ahemeral hens) for each hen. Oviposition records were used to determine total egg production, total settable egg production (≥52 g, intact shell), number of ovulations, and percentage of defective eggs. The time of lay for each egg was recorded electronically. On each side of the egg tray, an infrared transmitter and receiver were mounted. The infrared source was pulsed every 6 s, and the pick-up signal was monitored. The pick-up signal disappeared when an egg interrupted the beam. The personal computer scanned all the pick-up outputs every 30 s. When the signal was 0, the personal computer software would store the time the pick-up output initially became 0. Another software program written in Quick Basic calculated the time between lay over the time of the experiment for each bird, but if the time exceeded a defined limit (32 h for the 24-h birds and 36 h for the 28-h birds), it was considered a pause. These data were used to calculate sequence length. Each normal egg (intact shell, single yolk), regardless of size, was weighed and broken open to determine the weight of its components (yolk, albumen, and shell). At 30 wk, the birds were killed by cervical dislocation for the study of ovarian morphology and carcass characteristics. The hens were weighed and dissected to determine weights of breast muscle, abdominal fat pad, liver, intact ovary, stroma, and oviduct. Shank length and number of large (>10 mm) and small (>5 mm, <10 mm) yellow ovarian follicles were also recorded.
Data were analyzed as a 2 × 2 factorial design with main effects of day length and BW. Data were subjected to two-way analysis of variance using general linear models (GLM) procedures of SAS (SAS Institute Inc., 1994) . Differences between means were evaluated using Fisher's protected LSD procedure (Peterson, 1985) . Unless otherwise stated, treatment effects were considered significant if P < 0.05. Means within a main effect or within the four interactions with no common superscript differ significantly (P < 0.05).
1
Total settable egg production = eggs ≥ 52 g with an intact shell and single yolk.
2
Percent of total egg production. 
RESULTS AND DISCUSSION
Egg Production
Photoschedule had little effect on egg production parameters. Age at first egg, total egg production, settable egg production, number of ovulations, and percent henday production were not affected by day length. The 28-h birds laid significantly fewer double-yolked eggs, at 0.3% of production, whereas the 24-h birds had 0.9% (Table 3) . Body weight alone did not affect egg production. Significant interactions were only seen in total double-yolked egg production, where the 24-h HBW hens had significantly more double-yolked eggs (at 1.0% of total egg production), followed by the 24-h LBW birds (0.8%), the 28-h LBW birds (0.4%), and the 28-h HBW birds (0.1%). Egg interval, or time between consecutive eggs, was consistently longer for the 28-h hens ( Figure  1 ), and as a consequence, the 28-h hens laid fewer eggs at 29 wk of age (Figure 2) . However, the 28-h hens laid larger eggs from 26 to 29 wk of age (Figure 3) . Also, the mean time between consecutive ovipositions, sorted by sequence length, was significantly longer for the 28-h birds compared with the 24-h birds (Figure 4) . Interestingly, Figure 5 demonstrates that the 28-h hens laid most of their eggs in the dark period. Etches (1995) explained the increased frequency of the open period by the increase in the photoschedule, with the open period able to occur freely in the absence of an environmental cue such as photoperiod. These two attributes of an increased photoschedule provide evidence for the association of circadian oscillators with the process that controls the timing of ovulation and warrant further study of the links between the timing of the preovulatory surge of luteinizing hormone and the circadian clocks (Etches, 1984) .
Egg production of hens exposed to two different light: dark cycles is a response to photosensatory perception. Although the 24-h hens laid at a given rate, it appears that overall, the 28-h birds laid fewer eggs. This result indicates that, although day length is increased, egg production decreases, suggesting that a follicle is ovulated after every initiation of the photophase. Therefore, when each consecutive photophase is spaced further apart, the release of consecutive follicles will also be further apart. As a result, maximum egg production will occur with the optimum balance of these two events. The results of this experiment indicate that the average egg interval on a 24-h day was 24.9 h, and the longer 28-h day increased the egg interval to 26.2 h and resulted in lower total egg production.
This effect of a long ahemeral photoschedule reducing lay in broiler breeders is consistent with the results of Shanawany and Prichner (1992) . This particular study sorted birds on the basis of sequence length: the hens that laid less than or equal to six eggs per sequence produced more eggs on the 28-h day, decreasing their egg interval from 34.2 to 30 h. The birds that laid greater than six eggs per sequence laid fewer eggs on the 28-h day, increasing their egg interval from 27 to 29 h. Both groups had an increase in egg weight. Siopes and Neely (1997) reported that ahemeral lighting can be used for the first 5 wk or more after photostimulation to increase egg size in turkey hens; however, after 13 wk after photostimulation, this effect was no longer present. Similarly, Hawes et al. (1991) reported that brown egg-laying hens on a 26-h photoschedule had increased egg weights for the last 3 wk of the ahemeral schedule, but cumulatively there was no egg weight increase. However, egg production, as studied in White Leghorn hens on a 28-h ahemeral photoschedule, was significantly increased for the first 8 wk of production (Fitzsimmons and Newcombe, 1991) . It can be concluded that, based upon the hen's egg interval while exposed to a hemeral day, a long ahemeral photoschedule could be used to improve egg production as well as egg weight. However, if the egg interval is too long, the increase in egg weight may be at the expense of egg numbers.
Egg Quality
The effects of a 28-h ahemeral day on egg quality are seen in Table 4 . Significant increases in average egg weight, egg specific gravity, and absolute and proportional shell weight were seen in the 28-h birds compared with the 24-h birds. Average egg weight was increased for the 24-h birds (55.1 g) compared with the 28-h birds (53.0 g). The main effect of BW did not affect egg quality parameters, and there were no interactions (Table 4) .
These results are consistent with the results of Morris (1973) and Proudfoot (1980) . The significant increase in egg weight of the 28-h hens compared with the 24-h hens appeared to be due to the combination of yolk, albumen, and shell weights, but only shell weights were significantly different. Similar results corresponded to those of Morris (1973) , who reported significant increases in both albumen weight and shell weight with long ahemeral days. These increases in shell weight and egg specific gravity suggest that the increase in day length may add to shell formation time.
Body Composition
At 30 wk of age, the 24-h birds were 70 g heavier in BW than the 28-h birds (Table 5) . Proportional breast muscle weights were 15.3 and 15.9% of the live BW for the 24-h and 28-h birds, respectively (Table 5 ). The pro- portional oviduct weight represented 2.4% of the live BW for the 24-h birds and 2.1% for the 28-h birds. The 24-h birds had a significantly higher number of large yellow follicles (7.1) than the 28-h hens (6.3). Body weight had a significant effect on shank length (108 mm vs. 106 mm), proportional fat pad weight (2.6% vs. 2.2%), and proportional oviduct weight (2.2% vs. 2.3%) for HBW and LBW, respectively (Table 5 ). There was no interaction of BW with any carcass parameter.
When considering the effect of day length on body composition and ovarian morphology, it is evident that the distribution of nutrients was different when hens were exposed to a 24-or 28-h day length. Although the 28-h birds had higher proportional breast muscle weight and fat pad weight relative to BW, the 24-h birds had proportionally higher oviduct and ovary weights relative to BW. The higher ovary weight can be attributed to the greater number of large yellow follicles. Zimmermann and Nam (1989) , in a trial comparing White Leghorns on hemeral and ahemeral (27 h) photoschedules, reported that the feed needed for reproduction (feed per egg) was not significantly different between groups. These results were confirmed by Hawes et al. (1991) . The interval between consecutive feeding alters body enzymatic systems affecting carbohydrate metabolism, fat storage, and protein formation (Fabry and Tepperman, 1970) . Correspondingly, there have been numerous studies to examine the metabolic and anatomical adaptations to intermittent feeding in chickens (Simon and Rosselin, 1979) . In one trial, in which broiler chicks were feed-restricted at various frequencies to study growth and body composition, it was reported that, as the interval between consecutive feedings increases, body protein increases and body fat decreases (Yu et al., 1990) . Feeding frequency affects fat Means within a main effect or within the four interactions with no common superscript differ significantly (P < 0.05).
1
Eggs with an intact shell and single yolk. metabolism. Less frequent, but larger meals, promote obesity (Cohn, 1963) , because food intake in excess of the need for growth and maintenance is stored as fat (Lin, 1981) . The present experiment does not demonstrate a significant increase in proportional body fat (fat pad) but does demonstrate the increased proportional body protein (breast muscle). The ability of the hens to gain body protein while in an energy deficit is evident, but little is known of the mechanisms involved.
It can be concluded that a 28-h ahemeral lighting schedule will result in larger egg size in the broiler breeder strain used, compared with the 24-h day. If a long ahemeral day length is to be used to increase egg size, it is advised that, although egg size will increase, the majority Means within a main effect or within the four interactions with no common superscript differ significantly (P < 0.05).
Percentage of live BW.
2
Number of large yellow follicles (>10 mm).
3
Number of small yellow follicles (>5 mm, but <10 mm).
of this increase will be in the shell component of the egg. The suitability of long ahemeral days for increasing egg production late in lay needs to be examined; however, an increase in egg weight at that time is a disadvantage, not an advantage.
